advanced category by eAER compared to ACR (NRI event : 14.1% (95% CI 5.8-22.4)). Among 358 patients without a cardiovascular event, 17 patients were reclassified to a more advanced albuminuria category, and 2 patients to a less advanced category by eAER (NRI no event : -4.2%, 95% CI -8.5 to -1.8). Sixty patients went through renal events, and 383 patients had event-free 3-year follow-up. NRI event was 6.7% (95% CI -1.2 to 14.5), and NRI no event was -6.0% (95% CI -10.6 to 3.4) for renal events. Conclusion: Compared to ACR albuminuria categories, eAER categories are better associated with future cardiovascular events, but not with renal events.
Best Albuminuria Measurement to Predict Cardiovascular and Renal Events

Introduction
Accurate quantification of albuminuria in patients with chronic kidney disease (CKD) is necessary to risk stratify patients for renal and cardiovascular outcomes and guide clinical management. Current Kidney Disease Improving Global Outcomes (KDIGO) guidelines recommend the assessment of albuminuria as the albumin to creatinine ratio (ACR) from early morning urine samples, since ACR is not inferior to the gold standard of 24-hour urine collection for prediction of adverse renal and cardiovascular outcome and 24-hour urine collection is considered too cumbersome in clinical practice [1] .
Therefore, KDIGO equates albuminuria per gram creatinine with albuminuria per 24-hour, assuming a daily creatinine excretion of 1,000 mg for each patient. This method ignores relevant inter-individual differences, as creatinine excretion is higher in persons with higher muscle mass, which itself is associated with younger age, male gender and African American ethnicity. Consequently, ACR will inevitably underestimate albuminuria in young muscular men and vice versa overestimate albuminuria in older women with lower muscle mass [2] [3] [4] .
Recently, equations were developed which adjust ACR for surrogates of muscle mass, namely, gender, age and ethnicity, and yield an estimated albumin excretion rate (eAER). It has been shown in cross-sectional studies that eAER better reflects 24-hour albuminuria than ACR [2, 3] . It follows that, in clinical practice, eAER could be substituted for ACR to categorise patients [2] . A direct comparison of the predictive performance for adverse outcomes between eAER and ACR has not been performed. Therefore, we aimed to determine if substituting eAER for ACR better risk stratifies CKD patients for adverse renal and cardiovascular outcome.
Material and Methods
The CARE FOR HOMe study is an ongoing prospective cohort study of patients with CKD G2-G4 (estimated glomerular filtration rate (eGFR) 15-89 ml/min/1.73 m 2 by the MDRD equation [1] ) at baseline. All patients are under regular nephrological care at the outpatient department of Saarland University Medical Center, Homburg, Germany.
Our study excluded transplant recipients, pregnant women, patients <18 years of age, patients under systemic immunosuppressive medication, patients with HIV infection, with clinically apparent infections (defined as C-reactive protein (CRP) levels >50 mg/l, and/or requiring systemic antibiotic therapy), with active malignancy or with acute kidney injury (defined as increase of plasma creatinine >50% within the preceding 4 weeks). The study protocol was approved by the local Ethics Committee; all patients gave written consent.
At baseline, fasting blood samples for standard laboratory measurements, GFR estimation, and a spot urine sample were collected. This spot urine sample in general corresponded to the second morning urine sample taken between 7 a.m. and 11 a.m. when all patients presented to the outpatient department.
Information on co-morbidities, cardiovascular risk factors and medication was gathered from chart review and a standardized questionnaire.
Prevalent cardiovascular disease (CVD) was defined as a history of myocardial infarction, coronary artery angioplasty/stenting/bypass surgery, major stroke, carotid endarterectomy/stenting, nontraumatic lower extremity amputation or lower limb artery angioplasty/stenting/bypass surgery.
Patients were categorised as active smokers if they were current smokers or had stopped smoking less than 1 month before entry into the study. Patients with self-reported or physician-reported diabetes mellitus, with a fasting blood glucose level of >126 mg/dl and/or with current use of hypoglycaemic medication, were categorised as diabetics [5] .
From baseline morning spot urine sample, we measured urine albumin (immunonephelometric BN II/BN assay, Siemens, Marburg, Germany) and urine creatinine (Jaffé method, COBAS, Mannheim, Germany). We calculated ACR as the ratio of urine albumin to urine creatinine [1] . To determine eAER, we multiplied ACR with the estimated creatinine excretion rate (eCER), which was calculated according to the Ellam equation Among 3 different equations for eCER, we decided a priori to focus our analyses upon the Ellam equation, which is most suitable for automatic calculation and reporting by laboratories, requiring only age, gender and ethnicity. A secondary analysis made use of the Ix et al. [6] and Walser [7] equations (online suppl. table S1; for all online suppl. material, see www.karger. com/doi/10.1159/000446483), which additionally require body weight for eCER calculation. All patients were classified to KDIGO albuminuria categories: A1: <30; A2: 30-300; A3: >300 mg/g creatinine.
We invited all patients annually to the study centre, where we collected clinical information on cardiovascular outcome, and determined follow-up eGFR. In case a patient did not attend this annual visit, we performed a standardised telephone interview, and obtained information on creatinine values from the treating primary-care physician.
We focused our analyses on the first 444 CARE FOR HOMe participants, who had been recruited between 2008 and 2012, as these patients had complete 3-year follow-up information in December 2015. One single patient did not provide a baseline urinary sample; therefore, 443 patients were included into the subsequent analyses. Patients who had been recruited after 2012 are not analysed in this report.
The cardiovascular primary endpoint was myocardial infarction, coronary artery angioplasty/stenting/bypass surgery, major stroke, carotid endarterectomy/stenting, nontraumatic lower extremity amputation, lower limb artery angioplasty/stenting/bypass surgery, or death of any cause. The renal primary endpoint was the combination of either need for renal replacement therapy (RRT), halving of eGFR, or death of any cause. For definition of renal outcome, we did not consider intermittent need for RRT or a transient decline of eGFR with subsequent renal function recovery as renal events. 385 Cardiovascular and renal outcome adjudication was done by 2 independent physicians, who were blinded for baseline data. In case of disagreement, a third physician was consulted.
Statistical Analyses
Categorical variables are presented as a percentage of patients and compared using the Fisher test. Continuous data are expressed as means ± SD, and were compared using a t test for 2 independent samples (albuminuria and CRP are presented as median (interquartile range) because of skewed distribution, and compared by the Mann-Whitney U test).
We assessed the predictive performance of albuminuria and eAER by univariate Cox regression analysis for the first event during the complete follow-up and by calculating the area under the receiver operator characteristic curve (AUC) for patients with and without cardiovascular and renal events during the first 3 years of follow-up. We first logged albuminuria (base 10) because it was non-normal distributed, and then reported hazard ratios (HRs) per unit increase in log albuminuria.
Risk category reclassification by eAER was assessed by the net reclassification improvement (NRI) metric [8, 9] . We report the NRI separately for those with and without events during the first years of follow-up, as the meaningfulness of the overall NRI has been questioned [10] . All calculations were made in R [11] using the rap package [12] .
Results
Baseline characteristics of the 443 CARE FOR HOMe participants are presented in table 1 . The mean age of the entire cohort was 65 ± 12 at baseline, mean eGFR was 45 ± 16 ml/min/1.73 m 2 , and 179 (40%) participants were female.
Cardiovascular Events
Thirty patients were reclassified to a more advanced albuminuria category when substituting eAER for ACR, and only 3 patients were reclassified to a less advanced category ( table 2 ). As expected, male and younger patients were more likely to be reclassified to a more advanced albuminuria category than female and older patients (online suppl. table S2).
The HRs and AUCs were almost identical for ACR and eAER ( table 3 ) .
Eighty five patients reached the predefined cardiovascular endpoint; these patients were older, had lower diastolic blood pressure (BP) measurements and lower cholesterol at baseline than patients who did not undergo any cardiovascular events (online suppl. table S3). Moreover, they had higher albuminuria and a higher prevalence of CVD and diabetes mellitus.
Among these 85 patients who reached the cardiovascular endpoint, 13 were reclassified to a more advanced albuminuria category when substituting eAER for ACR. Only 1 patient was reclassified to a less advanced category, and 71 patients stayed in the same category, yielding an NRI event of 14.1% (95% CI 5.8-22.4; table 2 ).
Of the 358 patients who did not experience a cardiovascular event, 17 patients moved to a more advanced albuminuria category, 2 patients moved to a less advanced albuminuria category, and 339 patients stayed in the same category, resulting in an NRI no event of -4.2% (95% CI -8.5 to -1.8; table 2 ).
Reclassification therefore decreased the proportion of events in category A1 and increased them in A2; however, there was little change to the proportion of events in A3 (online suppl. fig. S1 ).
Renal Events
Sixty patients had a primary renal event (online suppl. table S4), of whom 32 patients reached ESRD, 1 patient had GFR without reaching ESRD and 27 patients died without halving of GFR and/or reaching ESRD. The HRs and AUCs were almost identical for ACR and eAER ( table 3 ) .
Of patients with events, 5 moved to a more advanced albuminuria category, one to a less advanced category and 54 stayed in the same category, which leads to an NRI event 6 .7% (95% CI -1.2 to 14.5; table 4 ). Three hundred and 2 (1) Indicated are means ± SD, or patient numbers (percentages), as appropriate. Because of skewed distribution, albuminuria and CRP are given as median (interquartile range). BMI = Body mass index; LDL-C = low density lipoprotein-cholesterol.
eighty three patients did not experience a renal event. Of these, 25 patients were reclassified to a more advanced albuminuria category, 2 to a less advanced category and 356 patients stayed in the same category, which resulted in an NRI no event -6.0% (95% CI -10.6 to 3.4; table 4 ).
The Ix and the Walser equations, which -unlike the Ellam equation -incorporate information on body weight results (online suppl. table S1) reclassified patients similarly to the Ellam equation in exploratory analyses.
Discussion
Substituting eAER for ACR improved risk classification of cardiovascular, but not of renal events. A net 14.1% of patients who went on to have a cardiovascular event were classified to higher albuminuria risk categories by eAER than ACR. While this was at the cost of 4.2% of those without a cardiovascular event also being reclassified to a higher risk category, this is a rea- Given are A1: <30; A2: 30-300; A3: >300 mg/g creatinine. 95% CIs are shown in brackets. 387 sonable cost to pay to better identify those at greater risk. We found no prognostic gain for renal outcome prediction: while a net 6.7% of those who went on to have a renal event were reclassified to a higher risk category, so were 6.0% of those who did not have an event.
In contrast to NRI analyses, Cox regression models and AUCs for cardiovascular outcome prediction yielded no substantially differences between eAER and ACR. We consider the findings from NRI analyses to be more pertinent, as treatment guidelines [1, [13] [14] [15] refer to albuminuria categories, upon which NRI analyses are based.
Estimation of albuminuria is used to determine treatment strategies in CKD; for example, for adjusting BP targets [16, 17] . The use of eAER instead of ACR to classify patients to albuminuria categories may increase the proportion of patients with more aggressive BP targets. It is unknown whether this would reduce cardiovascular events, or delay renal events. Subgroup analysis of the MDRD [18] and AASK [19] studies suggest that patients with high baseline albuminuria particularly benefited from aggressive BP targeting. Of note, in both studies, renal protein excretion was quantified from 24-hour collections. As the application of ACR from spot urine samples will substantially underestimate albuminuria particularly in young males, a substantial patient group may be deprived from the benefits of intensive BP treatment if 24-hour urine collections and ACR estimation are erroneously equated.
In our study design, we decided a priori to include death of any cause to both the primary cardiovascular and renal study endpoints. It may be argued that such an approach will dilute our analyses. However, exploratory analyses, in which non-renal death was not considered a renal event, and non-cardiovascular death was not considered a cardiovascular event, yielded similar results (data not shown).
Our study has some limitations: first, our primary analysis is based on our choice of eAER estimating equation. We deliberately chose the Ellam equation, which is the most suitable equation for automatic calculation and reporting by laboratories because it is based only on age, gender and ethnicity. Other eAER equations have been published [6, 7] . These require body weight, which is seldom reported to laboratories. In exploratory analyses, we found that these equations [6, 7] yield similar findings (online suppl. tables S5-S8).
Second, CARE FOR HOMe is a single-centre, medium-size European cohort study, which recruits a Caucasian population referred to nephrologists, while the Ellam equation was developed and externally validated among North American patients. Thus, confirmation of our study results in larger and non-European CKD cohorts, as well as in general population cohorts, is needed.
Third, we measured albuminuria only from a single spot urine sample at baseline and did not confirm our measurement with a second sample.
Finally, we cannot prove that the better cardiovascular risk prediction by eAER in comparison to ACR is fully explained by its more precise estimation of 24-hour albuminuria. Instead, it may partly be caused by non-renal determinants of the eAER, particularly by the male gender and age. Compared to women, men have more frequently higher estimates for 24-hour albuminuria with eAER than with ACR, as the Ellam equation for the eCER has greater weightings for men than for women. Vice versa, older age lowers the eCER. Thus, conventional cardiovascular risk factors -male gender and age -have opposing effects on eAER.
In summary, albuminuria categorisation by eAER better risk stratifies for cardiovascular events, but not renal events, than ACR. The actual clinical benefit of eAER compared with ACR needs to be determined in further studies.
